Introduction {#s1}
============

Tongue squamous cell carcinoma (SCC) is the most common malignancy in the oral cavity, and surgery is usually the first choice of treatment. For cT1-2N0 tongue SCC, its occult metastasis rate varies with different countries and races ([@B1]--[@B3]). Usually, neck dissection is required if the metastasis rate is greater than 20%. Although current high-quality research has described that routine neck dissection improves the prognosis by distinguishing patients who need adjuvant radiotherapy ([@B1], [@B4], [@B5]), researchers argue that most patients with cT1-2N0 disease do not have pathologic lymph node metastasis, and they are over-treated and exposed to possible neck dissection--related complications ([@B2], [@B3]); more importantly, the survival benefit associated with routine neck dissection could be contributed to by the late treatment of the metastatic necks at initial treatment. Owing to the development of individualized treatment concepts, it is very important for us to identify patients with pathologic lymph node metastasis preoperatively to achieve both oncologic and functional outcomes. A number of scholars support the predictive value of the depth of invasion (DOI), perineural invasion (PNI), and lymphovascular invasion (LVI) ([@B6]--[@B8]). However, these data are not always able to be obtained preoperatively.

PET-CT has been widely used for detecting primary cancer disease and possible metastasis sites. Zhang et al. ([@B9]) describe that the overall sensitivity and specificity of PET-CT for predicting lymph node metastasis in cT1-2 oral SCC was 21.4% and 98.4%, respectively, with a negative predictive value of 99.1%. Myers et al. ([@B10]) presented an estimated overall sensitivity of PET-CT for the N0 neck of 78% with a specificity of 100%. Similar results were also reported by Zheng et al. ([@B11]), Lee et al. ([@B12]), and Wong et al. ([@B13]). All these findings suggest that there might be high reliability for PET-CT in assessing neck status in cT1-2 tongue SCC. Therefore, our goal was to compare the survival difference between PET-CT--guided neck dissection and elective neck dissection (END) for the treatment of cT1-2 tongue SCC.

Patients and Methods {#s2}
====================

Ethnic Consideration
--------------------

The Zhengzhou University Institutional Research Committee approved our study, and all patients signed informed consent agreements for medical research before the initial treatment. All methods were performed in accordance with the relevant guidelines and regulations.

Patient Selection
-----------------

From January 2010 to December 2016, patients with surgically treated primary cT1-2N0 tongue SCC were retrospectively enrolled. Patients without follow-up information were excluded from the analysis. Data regarding demographic and pathologic information as well as follow-up data were extracted. There was no consensus on the standard treatment of a cN0 neck in cT1-2 tongue SCC in China; therefore, in our cancer center, PET-CT was selectively suggested for patients with early stage oral SCC considering the patient\'s demand and the surgeon\'s preference from 2008, and our medical team had verified the feasibility of PET-CT in treating early stage tongue SCC ([@B14]). Therefore, enrolled patients were divided into two groups. Group A: The decision of whether to perform neck dissection was mainly based on the results of preoperative PET-CT examinations; if a positive result was reported by PET-CT, a neck dissection was performed, and if not, a wait-and-see policy was conducted. Group B: Patients received END treatment without preoperative PET-CT examinations.

Important Variable Definition
-----------------------------

Smokers/drinkers were defined as patients who smoked/drank at diagnosis or who had stopped for \<1 year prior to diagnosis ([@B15], [@B16]). All pathological sections were re-reviewed by at least two pathologists. PNI was considered to be present if tumor cells were identified within the perineural space and/or nerve bundle; LVI was positive if tumor cells were noted within the lymphovascular channels ([@B17]). The pathologic DOI was measured from the level of the adjacent normal mucosa to the deepest point of tumor infiltration regardless of the presence or absence of ulceration ([@B18]). The cT1-2 status was defined according to the AJCC 2018 classification, and the cN0 status was defined as no doubt of metastatic lymph nodes after palpation and ultrasound, CT, and MRI examinations.

Treatment Proposal
------------------

All patients underwent complete tumor resection with a margin of at least 1 cm, and the sublingual gland as well as the adipose tissue in the floor of the mouth was simultaneously resected. The neck dissection field included levels 1--3. Patients were followed every 3 months within 2 years after the operation and every 6 months for 2 years after the operation until the fifth year after the operation. Immediate interference was performed if disease recurrence was suspected. Adjuvant radiotherapy was suggested if there was pathologic lymph node metastasis, positive margins, PNI, or LVI.

Pathologic Analysis
-------------------

Surgical specimens were immediately fixed in 10% formalin and then cut into pieces with a thickness of 5 mm and a side length of 1 cm by embedding in paraffin. Sections of a thickness of 5 um were obtained at 0.5-mm intervals and stained with haematoxylin and eosin. All pathologic sections had been reviewed by at least two pathologists. Immunohistochemistry was performed if there was difficulty in identifying malignant disease.

PET-CT Examination
------------------

The PET-CT scans (GE Healthcare, Milwaukee, WI) were performed by several technicians. Patients had an empty stomach for at least 6 hours before examination with glucose levels \<200 mg/dL, and 10--20 mCi of \[^18^F\] FDG dosed according to the weight was given to each patient. Diagnostic CT images and axial PET were obtained from the calvarial vertex through the upper thighs. Emission images were obtained after radiopharmaceutical injection 60 min later. During the CT scan, no contrast medium was used. The images were reconstructed with a 2.5-mm thickness slice. For every suspicious lesion, the isocontour region of interest centered on the maximum value pixel was drawn automatically with workstation tools generating the SUV max of the region. An SUV max cutoff of 2.5 MBq/g was used for FDG-avid primary tumors and lymph nodes on PET-CT.

Statistic Analysis
------------------

Student\'s *t*-tests and chi-square tests were used to compare the clinical and pathologic variables between the two groups, and the Kaplan--Meier method was used to calculate the regional control (RC) rate and disease-specific survival (DSS) rate. The survival time was calculated from the date of surgery to the last follow-up, the date of the first regional recurrence, or the date of cancer-caused death. All statistical analyses were performed using SPSS 20.0, and *p* \< 0.05 was considered to be significant.

Results {#s3}
=======

Demography and Pathologic Data
------------------------------

A total of 235 patients (172 males and 63 females) were included in the analysis, and the mean age was 54.8 (range: 31--79) years. There were 66 patients in group A and 169 patients in group B.

In group A, there were 52 (78.8%) males and 14 (21.2%) females, and the mean age was 55.7 years. A total of 42 (63.6%) and 29 (43.9%) patients were smokers and drinkers, respectively. cT1 and cT2 tumors were present in 25 (37.9%) and 41 (62.1%) patients, respectively. PNI and LVI were reported in eight (12.1%) and seven (10.6%) patients, respectively. The mean pathologic DOI was 4.8 mm. pT1 and pT2 tumors were present in 20 (30.3%) and 46 (69.7%) patients, respectively. Tumor differentiation was well distributed in 22 (33.3%) patients, moderately distributed in 35 (53.0%) patients, and poorly distributed in nine (13.6%) patients. Negative margins were achieved in all patients. Fourteen (21.2%) patients received postoperative radiotherapy ([Table 1](#T1){ref-type="table"}).

###### 

Demographic and pathologic information in the two groups.

  **Variables**                **Group A (*n* = 66)**   **Group B (*n* = 169)**   ***p***
  ---------------------------- ------------------------ ------------------------- ---------
  Age                          55.7                     54.4                      0.884
  Sex                                                                             
  Male                         52 (78.8%)               120 (71.0%)               
  Female                       14 (21.2%)               49 (29.0%)                0.170
  Smoker                       42 (63.6%)               111 (65.7%)               0.768
  Drinker                      29 (43.9%)               58 (34.3%)                0.170
  Clinical tumor stage                                                            
  cT1                          25 (37.9%)               45 (26.6%)                
  cT2                          41 (62.1%)               124 (73.4%)               0.090
  Perineural invasion          8 (12.1%)                22 (13.0%)                0.853
  Lymphovascular invasion      7 (10.6%)                17 (10.1%)                0.901
  Pathologic tumor stage                                                          
  pT1                          20 (30.3%)               40 (23.7%)                
  pT2                          46 (69.7%)               129 (76.3%)               0.295
  Tumor differentiation                                                           
  Well                         22 (33.3%)               53 (31.4%)                
  Moderate                     35 (53.0%)               99 (58.6%)                
  Poor                         9 (13.6%)                17 (10.1%)                0.649
  Postoperative radiotherapy   14 (21.2%)               30 (17.8%)                0.541

In group B, there were 120 (71.0%) males and 49 (29.0%) females, and the mean age was 54.4 years. A total of 111 (65.6%) and 58 (34.3%) patients were smokers and drinkers, respectively. cT1 and cT2 tumors were present in 45 (26.6%) and 124 (73.4%) patients, respectively. PNI and LVI were reported in 22 (13.0%) and 17 (10.1%) patients, respectively. The mean pathologic DOI was 4.7 mm. pT1 and pT2 tumors were present in 40 (23.7%) and 129 (76.3%) patients, respectively. Pathologic lymph node metastasis occurred in 30 (17.8%) patients, and in these patients, N1 was present in 25 cases, and N2a was present in five cases. Tumor differentiation was well distributed in 53 (31.4%) patients, moderately distributed in 99 (58.6%) patients, and poorly distributed in 17 (10.1%) patients. Negative margins were achieved in all patients. Thirty (17.8%) patients received postoperative radiotherapy ([Table 1](#T1){ref-type="table"}).

The two groups had similar distributions regarding age, sex, smoking status, drinking status, clinical, and pathologic tumor stage, PNI, LVI, tumor differentiation, and postoperative radiotherapy ([Table 1](#T1){ref-type="table"}, all *p* \> 0.05).

PET-CT--Guided Neck Dissection
------------------------------

In group A, 16 (9.5%) patients underwent neck dissection owing to positive PET-CT results, and postoperative pathology confirmed occult metastasis in 14 patients. Of the 14 patients, N1 was present in 12 patients, and N2a was present in two patients.

Survival Analysis
-----------------

During our follow-up with a mean time of 48.5 months, in group A of the 66 patients, regional recurrence occurred in nine patients: level I occurrence in four patients, level II in three patients, and level III in two patients ([Table 2](#T2){ref-type="table"}). Among these nine patients, seven had a pathologic N+ neck at the initial treatment, two patients had not previously received neck dissection owing to previous negative PET-CT results, there was no local recurrence or distant metastasis, the 5-year RC rate was 86%, recurrent disease was successfully salvaged in six patients with radical operations, four patients died of the disease, and the 5-year DSS rate was 93%. In group B, local recurrence occurred in five patients, and regional recurrence occurred in 20 patients: level I recurrence in nine patients, level II in six patients, level IV in three patients, and level V in two patients ([Table 2](#T2){ref-type="table"}). Among these 20 patients, 14 had a pathologic N+ neck at the initial treatment, there was no distant metastasis, the 5-year RC rate was 87%, patients with local recurrence were all successfully salvaged with radial operations, regional recurrent disease was successfully salvaged in eight patients with radial operations, 14 patients died of the disease, and the 5-year DSS rate was 90%. The two groups had similar RC (*p* = 0.731) and DSS (*p* = 0.583) rates ([Figures 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}, both *p* \> 0.05).

###### 

Neck recurrence pattern in the two groups.

  **Metastatic level**   **Group A (*n* = 9)**   **Group B (*n* = 20)**
  ---------------------- ----------------------- ------------------------
  Ipsilateral                                    
  I                      4 (44.4%)               8 (40.0%)
  II                     2 (22.2%)               6 (20.0%)
  III                    2 (22.2%)               0
  IV                     0                       3 (15.0%)
  V                      0                       1 (5.0%)
  Contralateral                                  
  I                      1 (11.1%)               1 (5.0%)
  II                     2 (22.2%)               2 (10.0%)
  III                    0                       0
  IV                     0                       1 (5.0%)
  V                      0                       1 (5.0%)

![Comparison of regional control between the two groups (*p* = 0.731).](fonc-10-00720-g0001){#F1}

![Comparison of disease-specific survival between the two groups (*p* = 0.583).](fonc-10-00720-g0002){#F2}

Discussion {#s4}
==========

The most significant finding in the current study was that, compared to elective neck dissection, PET-CT--guided neck dissection obtained similar disease control of cT1-2N0 tongue SCC; moreover, there was a higher possibility of successful salvage with PET-CT--guided neck dissection than with elective neck dissection. Our study may provide more suggestions for neck management during early stage tongue SCC treatment, and it provides the first evidence for the high reliability of PET-CT--guided neck dissection.

Neck lymph node status is the most important prognostic factor; usually, the survival rate decreases by half if lymph node metastasis is present ([@B19]--[@B21]). It is important that surgeons correctly address the neck. However, owing to the varying occult metastasis rates, there is still substantial controversy regarding the best neck management. Canis et al. ([@B4]) studied early stage SCC of the upper aerodigestive tract, and the 5-year recurrence-free survival rate was 95% in the neck dissection group and 96% in the wait-and-see group; the authors concluded that a wait-and-see approach was justified in patients with early stage disease. Deganello et al. ([@B22]) described that the occult neck disease rate was only 12.5% for laryngeal SCC, and the findings indicated the need to refine the treatment strategy, restricting elective neck dissection only to advanced stage disease. However, tongue SCC was significantly different from SCC in other sites, and the conclusions based on the overall sample of head and neck SCC or laryngeal SCC might not be suitable for tongue SCC. Moratin et al. ([@B23]) depicted that regional metastases occurred in 29 of the 97 patients with early stage tongue SCC, and although rare, bilateral cervical metastases could be detected in 2.1% of T1 and 11.8% of T2 disease; therefore, the authors suggested that neck dissection was required in all tongue SCC patients irrespective of tumor stage. Recent evidence showed that, after matched analysis in 1,234 patients, the 5-year overall survival rates were 87.1% in the neck dissection group and 76.2% in the wait-and-see group (*p* = 0.0051), and the DSS rates were 89.2% and 82.2% (*p* = 0.0335), respectively. This finding suggests that routine neck dissection was beneficial for cT1-2N0 tongue SCC ([@B24]). A similar viewpoint was also demonstrated by Gad et al. ([@B25]), Orabona et al. ([@B26]), and D\'Cruz et al. ([@B1]). However, at least two aspects must be considered seriously when comprehending the conclusions: First, the occult metastasis rate was variable in early stage tongue SCC, and most of the patients would have been over-treated if routine neck dissection was performed; second, the so-called survival difference between elective neck dissection and the wait-and-see policy would have been mainly explained by the undetected real metastatic lymph nodes at the first visit in the wait-and-see group. This raised the point that, if we could identify patients who had real metastatic lymph nodes preoperatively, we might avoid unnecessary neck dissection and achieve similar survival compared to routine neck dissection.

A number of authors have aimed to assess the predictors of occult lymph node metastasis in cT1-2N0 tongue SCC. Jiang et al. ([@B6]) introduced a nomogram including the site of the primary lesion, depth of invasion, size of the tumor, and histopathological grade with high consistency for predicting the probability of occult cervical metastasis before surgery. Tam et al. ([@B7]) demonstrated that a DOI of 7.25 mm was most predictive for occult nodal disease. Other predictors included PNI and LVI ([@B1]). However, the data were always unavailable preoperatively, which greatly limited the clinical application.

PET-CT has been widely used to detect occult lymph node disease in the clinic. Slightly conflicting results have been reported by previous researchers. Stoeckli et al. ([@B27]) assessed the value of PET-CT for the staging of cN0 necks in oral and oropharyngeal SCC using sentinel lymph node biopsy and elective neck dissection as the "gold standard" for comparison, and sentinel lymph node biopsy was accurately feasible in all 12 patients and correctly diagnosed five cases of occult metastasis; however, PET-CT only suggested that two patients had occult metastasis, of whom one turned out to be a false positive case. A similar finding was also reported by Krabbe et al. ([@B28]), but both studies did not specifically focus on tongue SCC, which is significantly different from SCC in other sites, and HPV infection might also affect the accuracy of PET-CT. Increasing evidence supports the high reliability of PET-CT for identifying cervical nodal disease. Zhang et al. ([@B9]) described that the overall sensitivity and specificity of PET-CT for predicting lymph node metastasis in cT1-2 oral SCC was 21.4 and 98.4%, respectively, with a negative predictive value of 99.1%. Myers et al. ([@B10]) presented an estimated overall sensitivity of PET-CT for the N0 neck of 78% with a specificity of 100%. Similar results were also reported by Zheng et al. ([@B11]), Lee et al. ([@B12]), and Wong et al. ([@B13]). A recent important study by Lowe et al. ([@B29]) described that PET-CT had a highly negative predictive value for the N0 neck in T2 to T4 SCC of the head and neck and that PET/CT might assist clinicians with the decision of the best therapy for the clinically N0 neck in SCC of the head and neck. Our results supported most of those of other researchers and verified the high reliability of PET-CT for predicting occult metastasis in cT1-2 disease, which could result in similar oncologic outcomes as routine neck dissection. The two groups had comparable important variables except the clinical tumor stage; patients undergoing a PET-CT--guided neck dissection tended to have a smaller tumor, it indicated that we selectively suggested a PET-CT for a small tumor to avoid unnecessary neck dissection and obtain a better functional result previously. Additionally, the tending difference of clinical tumor stage might have led to survival difference between the two groups, but in fact, it was not. It brought some puzzle in comprehending our finding; more high quality research is needed to clarify these questions.

Another heated debated tool of detecting occult metastasis was sentinel lymph node biopsy (SLNB). Moya-Plana et al. ([@B30]) compared the reliability between SLNB and END in 229 cT1-2N0 oral SCC patients; the authors reported negative predictive value of SLNB was as high as 92.7%, and the two groups had similar recurrence-free survival and overall survival. Riese et al. ([@B31]) described in 36 patients with early oral and oropharynx SCC, all the 12 patients with pathologic metastasis were detected in SLNB, and it showed a sensitivity of 94.4% and a specificity of 100%. All these findings as well as recent research ([@B32]--[@B34]) confirmed SLNB was a precise diagnostic procedure in oral SCC and superior to PET-CT in melanoma and anal cancer for assessing nodal status. However, comparison between SLNB and PET-CT in oral SCC was never reported, and also application of SLNB in oral cancer was not widely accepted in China. More high-quality studies are needed to clarify these questions.

Salvage operations are important for improving survival, but the rate of successful salvage operations is usually \<50% in tongue SCC patients ([@B1]--[@B3]). A similar finding was also noted in our END group. However, in group A, our salvage operation rate was as high as 66.7%, and it tended to be higher than that in group B. This finding was interesting: The high salvage operation rate might have resulted in improved DSS, but owing to our limited sample size, we could not draw any persuasive conclusions.

It was interesting to note the occult metastasis rate of Group B was just 17.8%; it was a little lower than those of similar studies ([@B35], [@B36]). The difference might be partially explained by different pathologic DOI and races. On the other hand, micrometastasis disease was also partially responsible during standard haematoxylin and eosin; van den Brekel et al. ([@B37]) previously presented that 25% of patients with positive lymph nodes had micrometastasis and were at high risk for undetected disease. Similar findings were also reported by Barrera et al. ([@B38]) and Rhee et al. ([@B39]).

There are some limitations that must be acknowledged. First, this was a retrospective study, it lacked of randomization, and the inherent bias could decrease the statistical power. In our future work, we will perform a prospective study with additional data regarding patient characteristics, especially other preoperative investigations, which could increase the predictive value of negative or positive PET-CT results. Second, our sample size was small, and a study with a larger sample size is needed. Third, some confounding factors might not have been taken into consideration, such as oral hygiene.

In summary, neck dissection could be safely avoided when the PET-CT scan reveals no neck lymph node involvement.
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